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Long term follow up of patients with anterior
myocardial infarction complicated by left
ventricular thrombus in the thrombolytic era

Thomas Mooe, Dag Teien, Kjell Karp, Peter Eriksson

Abstract
Objectives-To examine the appearance
and resolution of left ventricular thrombi
and to study the relation between throm-
bus and mortality during long term follow
up after anterior myocardial infarction.
Design-Ninety nine consecutive patients
were prospectively studied until the last
included patient had been followed for one
year. Streptokinase and aspirin were used
routinely, anticoagulants only after a deci-
sion by the attending physician. Echo-
cardiography was performed within 3 d of
admission, before discharge, and after
one, three, and 12 months.
Setting-Umeai University Hospital, a
teaching hospital in Northern Sweden.
Main outcome measures-Left ventricular
thrombus, segmental myocardial function,
and mortality during follow up.
Results-Thirty patients (30%/6) had a
thrombus on discharge. One month, three
months, and 12 months after hospital dis-
charge, the thrombus had resolved in 81%,
84%, and 90% of the patients, respectively.
The proportion of resolved thrombi at one
month was high irrespective of whether
anticoagulants were given (10/11, 91%) or
not (12/16, 75/6), P = 0-4. New thrombi
appeared in 12 patients after discharge and
resolution and reappearance of thrombi
continued during the follow up period.
Patients who developed a thrombus during
the hospital stay (n = 44, 44%) had more
extensive myocardial dysfunction on dis-
charge (P < 0.001) and significantly higher
mortality during the follow up period than
those without a thrombus (23% v 7%,
P < 0.01).
Conclusions-With routine thrombolytic
and aspirin treatment of anterior myocar-
dial infarction, left ventricular thrombi
usually resolve during the first month after
hospital discharge. Appearance and reso-
lution of thrombi continue, however, in a

Table 1 Clinical and laboratory characteristics ofpatients with and without thrombus at
discharge

No thrombus, n = 69 Thrombus, n = 30 P value

Age, mean (range) 66 2 (41-85) 67-0 (41-84) NS
Men 79% 80% NS
Previous myocardial infarction 12% 30% < 0 05
Hypertension 35% 40% NS
Diabetes 16% 10% NS
Smokers 31% 11% < 0 05
Peak LD1, mean (SD) 15-4 (12-3) 20-8 (9-5) < 0 01
Peak CK, mean (SD) 32-5 (29-5) 45-6 (25-2) < 0 01
Peak CKMB, mean (SD) 4-1 (3 8) 5-4 (3-1) < 0 05

LD1, thermostable lactate dehydrogenase; CK, creatine kinase.

significant proportion of the patients dur-
ing long term follow up. A left ventricular
thrombus during the initial hospital stay is
associated with high long term mortality.
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Patients with acute anterior myocardial infarc-
tion often develop a left ventricular thrombus
during the hospital stay.'-3 Echocardiography is
the preferred diagnostic method with a high
sensitivity and specificity for ventricular
thrombi.4 The finding of a thrombus has been
associated with a more favourable prognosis,5
hypothetically by stabilising the left ventricular
wall. Others, however, recommend anticoagu-
lant treatment to achieve resolution of thrombi
and to reduce the risk of embolisation.67 The
recent introduction of thrombolytics and
aspirin as a routine treatment in patients with
acute myocardial infarction may, however, have
changed the incidence of thrombi and their
clinical significance. We therefore performed a
study with serial echocardiographic examina-
tions during the first year after anterior myocar-
dial infarction. The aims of the study were to
examine the appearance and disappearance of
thrombi in consecutive patients discharged
from hospital after an anterior myocardial
infarct, to record embolic, cerebrovascular, and
bleeding complications, and to study the long
term prognosis in patients in whom a left ven-
tricular thrombus was found during the hospital
stay.

Methods
PATIENTS
Ninety nine consecutive patients surviving the
hospital stay after an acute anterior myocardial
infarction were included in the study. During
the recruitment period three patients were
excluded because of poor echocardiographic
image quality and five patients died in hospital.
Clinical and laboratory characteristics of the 99
study patients are shown in table 1.

DIAGNOSTIC STUDIES
A diagnosis of anterior myocardial infarction
was based on typical chest pain resistant to
glyceryl trinitrate, a diagnostic rise in serum
creatine kinase, and the following electrocardio-
graphic findings: (1) the development of patho-
logical Q waves in two or more precordial leads,
or (2) ST segment elevation of 0 15 mV in two
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Figure 1 Resolution and
reappearance of left
ventricular thrombi in
patients with a thrombus at
discharge.
Echocardiographic
examinations duringfollow
up were performed one,
three, and 12 months after
discharge. T thrombus;
0, no throml us.
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or more of leads V1-V3, or 0 1 mV in two or
more of leads V4-V6. Creatine kinase (CK) and
creatine kinase-MB (CKMB) were measured
on admission and at fixed hours four times
daily. The time to peak CK from start of treat-
ment was noted. Thermostable lactate dehy-
drogenase (LD1) was measured on admission
and thereafter daily until the maximum level
could be identified. Cross sectional echocardio-
graphic examinations were performed within
3 d of admission, before discharge, and at one
month, three months, and 12 months follow
up. An Acuson XP-10 (Acuson Corporation)
or a Vingmed CFM 750 (Vingmed Sound)
equipped with 2-5-5-0 MHz transducers were
used. The examinations were recorded on a
Panasonic AG 7330 video tape recorder and
reviewed by two investigators unaware of treat-
ment and previous findings. A left ventricular
thrombus was defined as an echodense mass
adjacent to an abnormally contracting myocar-
dial segment. It should be distinguished from
the underlying myocardium, have a clear
thrombus-blood interface, and be seen in at
least two transducer positions.48 A 16 segment
model was used for scoring the severity of seg-
mental wall motion abnormalities according to
the American Society of Echocardiography.9
The scoring scale ranged from 1 to 5. A nor-
mally contracting or hyperkinetic segment was
assigned a score of 1, hypokinesis 2, akinesis 3,
dyskinesis 4, and aneurysmal segments (dias-
tolic deformation) 5. The sum of all scores was
calculated for each patient and used in the sta-
tistical analysis. The diagnosis of cerebral
infarction required a sudden onset of focal neu-
rological deficit and exclusion of haemorrhage
by computerised tomography. Diuretics were
used when there were clinical signs of heart fail-
ure according to the attending physician. An
increased dose of peroral diuretics or the need
for parenteral diuretics was thus used as a
marker of congestive heart failure. All patients
were prospectively followed and clinical events
recorded until the last included patient had
completed the 12 months echocardiographic
examination. The mean follow up time was 23
months. The follow up time was more than one
year for 91% (n = 90) and more than two
years for 48% (n = 48) of the patients.

TREATMENT
Seventy four patients admitted within 6 h from
onset of chest pain or with clinical signs of
ongoing myocardial ischaemia and electrocar-
diographic evidence of an evolving myocardial

infarct received streptokinase as an intravenous
infusion of 1-5 million units over 1 h. Heparin
was not used. Twenty five patients did not
receive streptokinase because of a long delay
between onset of symptoms and hospital
admission (20 patients), contraindication for
thrombolytics (one patient), or for unknown
reasons (four patients). Sixty six patients (67%)
without contraindications were given aspirin
160 mg daily. Peroral anticoagulants were not
routinely used, but 24 patients (24%) were
treated with warfarin at discharge, decided by
the attending physician. No patient was given
both warfarin and aspirin.

STATISTICAL ANALYSIS
Data were analysed with the STATISTICA 4 0
software modules (StatSoft Inc). Group data
were expressed as mean (SD) for continuous
variables and as rates for variables on a nominal
scale. Differences between two means were
assessed with t test for unpaired data or the
Mann Whitney U test when appropriate.
Differences between proportions were analysed
with the x2 test, or for small sample sizes, by
Fisher's exact test. Differences were considered
significant for P values less than 0 05. The rela-
tion between deteriorating left ventricular seg-
mental function and clinical, laboratory, and
echocardiographic data was examined by multi-
ple logistic regression analysis. Kaplan-Meier
survival curves were calculated for patients with
and without a diagnosed thrombus during the
hospital stay and survival times compared
between groups with the log-rank test. The haz-
ard ratio was calculated as a measure of relative
survival.

Results
PATIENTS WITH A THROMBUS AT HOSPITAL
DISCHARGE
The resolution and reappearance of left ventric-
ular thrombi during the follow up period in
patients with a thrombus present at discharge is
shown in fig 1. Most thrombi resolved during
the first month. Resolution and reappearance of
thrombi continued, however, during follow up,
and no patient had a thrombus at all examina-
tions. The proportion of patients with a throm-
bus at one month was 19% (5/27), at three
months 16% (4/25), and at 12 months 10%
(2/21). There were nine dropouts in this group,
of whom six died. Two patients did not partic-
ipate in the three months examination, one of
whom had a thrombus at 12 months. One
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Figure 2 Appearance and
resolution of left ventricular
thrombi in patients without
thrombus at discharge.
Echocardiographic
examinations during follow
up were performed one,
three, and 12 months after
discharge. T, thrombus;
0, no thrombus.

O n = 69

T n = 2

Table 2 Frequency of left ventricular thrombi at echocardiographic examinations during one yearfollow up after anterior

myocardial infarction

Discharge 1 month 3 months 1 year

T 0 T 0 T 0 T 0
% (n) % (n) % (n;n) % (n) % (n;n') % (n) % (n;n') % (n)

All patients 30 (30) 70 (69) 12 (1 1;6) 88 (78) 13 (1 1;7) 87 (74) 10 (8;5) 90 (76)
Streptokinase 31 (23) 69 (51) 11 (7;4) 89 (59) 16 (10;6) 84 (53) 8 (5;3) 92 (57)
No streptokinase 28 (7) 72 (18) 17 (4;2) 83 (19) 5 (1;1) 95 (21) 14 (3;2) 86 (19)
Warfarin 54 (13) 46 (11) 6 (1;0) 94 (17) 12 (2;0) 88 (15) 0 (0) 100 (9)
Nowarfarin 23 (17) 77 (58) 14 (10;6) 86 (61) 13 (9;7) 87 (59) 11 (8;5) 89 (67)

T, thrombus; 0, no thrombus; n, number of patients; n', number of patients in the subgroup with new thrombi formed after dis-
charge.

patient did not participate in the 12 months
examination.

PATIENTS WITHOUT A THROMBUS AT HOSPITAL

DISCHARGE
Figure 2 shows the appearance and resolution
of left ventricular thrombi during follow up in
patients without a thrombus at discharge. A
new thrombus was found in some patients at
every interval of follow up examination, includ-
ing 12 months after discharge. The proportion
of patients with a thrombus after one month
was 10% (6/62), three months 12% (7/58), and
12 months 9% (5/57). There were 12 drop outs
in this group, of whom five died. One patient
went through a mitral valve replacement with a

complicated postoperative period. Two older
patients did not want to participate in further
follow up after discharge. Four patients did not
undergo the one month or the three months
examination. None of them had a thrombus at
the remaining examinations.

Table 2 shows the prevalence of left ventricu-
lar thrombi during follow up in all patients in
relation to treatment with streptokinase and
warfarin. After a rapid decrease in prevalence of
thrombi during the first month, no significant
difference between the groups was seen during
further follow up. The proportion of resolved
thrombi in surviving patients one month after
discharge was 85% (17/20) in those given strep-
tokinase and 71% (5/7) in those not given
streptokinase. Similarly, the proportion of
resolved thrombi was 91% (10/11) in those
given warfarin and 75% (12/16) in those not
given warfarin (P = 0-4). After hospital dis-
charge, new thrombi appeared in patients given
streptokinase (20%, 9/46) as well as in patients
not given streptokinase (19%, 3/16), while no

new thrombi appeared in patients on warfarin
(0/7). New thrombi appeared in 22% (12/55)
of the patients who were not given warfarin (P
= 0-3). Left ventricular segmental dysfunction
at discharge was significantly more extensive in

patients with a thrombus during the hospital
stay compared with those without a thrombus
(segmental score 25-7 v 21-4, P < 0-001), fig 3.
Patients with a thrombus also had more exten-
sive segmental dysfunction at the follow up

examinations.
Twenty nine patients (35%) had more exten-

sive segmental myocardial dysfunction at the
one year follow up compared with the examina-
tion at discharge. The maximum level of LD1
was the most important predictor of deteriorat-
ing left ventricular function. An increase of 1

SD (11-7) in LD1 was associated with a four-
fold increase in the risk of further impairment
of left ventricular function (odds ratio 4-2, 95%
confidence interval 1-5 to 11-8). Fourteen
patients died during the follow up period, 10 of
whom had a thrombus during the hospital stay.
Eight of these deaths were cardiovascular (sud-
den death, myocardial infarction, congestive
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Figure 4 Cumulative survival duringfollow up for the entire study group and in patients
with (n = 44, 10 deaths) and without (n = 55, 4 deaths) a left ventricular thrombus
during the hospital stay. RR, relative risk.

heart failure, ruptured aortic aneurysm), one

was a terminal malignant disease in combina-
tion with a cerebral infarct, and one was caused
by a subdural haematoma. All four deaths in
the patients without a thrombus were cardio-
vascular (sudden death, myocardial infarction),
in one case in combination with a disseminated
colon cancer. At the time of death two out of
four patients in the non-thrombus group and
four out of 10 patients in the thrombus group
were treated with warfarin. Three patients had
an ischaemic cerebral event during follow up
and none of them was treated with warfarin.
One patient had a right sided amaurosis fugax
six months after inclusion. No thrombus was

seen at echocardiography, but a severe stenosis
in the right internal carotid artery was identi-
fied. The second patient had a cerebral infarct,
verified by computed tomography, 17 months
after inclusion. This patient was in the terminal
stage of a malignant disease and died two weeks
later. The third patient had a second myocar-

dial infarct and a cerebral infarct during the
same day, 10 months after inclusion in the
study. The two last patients did not have a

thrombus at the proceeding echocardiographic
examination. Two patients had serious bleeding
complications-one fatal and one non-fatal
subdural haematoma. Both were treated with
warfarin with anticoagulation levels within the
therapeutic range. Figure 4 shows the cumula-
tive survival during follow up for the entire
study group and in patients with (n = 44) and
without (n = 55) a diagnosed thrombus during
the hospital stay. Patients with thrombus had a

significantly higher mortality (P < 0-01), with a

relative risk of death of 3-6 (95% confidence
interval 1-2 to 10-8).

Discussion
Echocardiography is the method of choice for
the serial identification of ventricular thrombi
because of its wide availability, low cost, and

non-invasive nature.4 The method is accurate,
with a sensitivity ranging between 77% and
100% and a specificity ranging between 8%
and 100% when compared with findings at
surgery or necropsy, or with platelet imaging.
The accuracy of echocardiography is dependent
of the image quality, and small thrombi, below
the level of detection, may be present in areas of
disturbed flow conditions. Potential diagnostic
errors may, however, be minimised by strict
adherence to echocardiographic criteria.'0 In
this study we showed that the majority of left
ventricular thrombi formed during the course
of an anterior myocardial infarction resolve
during the first three months after discharge
(21/25, 84%). The proportion of thrombi
reported to resolve during long term follow up
in most previous studies was smaller, ranging
between 20% and 58%.2 In one study oral
anticoagulants were used routinely and resolu-
tion of thrombi were reported in 33% (4/14)
after 12 months of follow up.' Treatment of left
ventricular thrombi with oral anticoagulants
has been examined in a controlled trial, and
resolution of thrombi occurred in 59% and
88% of the patients after three and 12
months." The high proportion of thrombi
resolving during follow up in our study may be
associated with new treatment routines after
myocardial infarction. Aspirin reduces throm-
boembolic complications in patients with atrial
fibrillation'2 and may modify platelet deposition
in some patients with left ventricular thrombi.'3
The use of thrombolytics and aspirin may
hypothetically influence the thrombus structure
and make it more susceptible to endogenous
thrombolysis. Thirty patients had a thrombus
at discharge (fig 1) and in 29% (12/42) a new
thrombus appeared during follow up (fig 2). In
two previous reports the proportion of thrombi
appearing after discharge was similar, 31% and
32%, respectively.' 3Thrombi formed after dis-
charge constituted a large proportion of
thrombi diagnosed after one month (55%),
three months (64%), and one year (62%).
Warfarin treatment seemed to prevent the for-
mation of new thrombi after discharge, but the
number of patients given warfarin was small.
The dynamic process of resolution and reap-
pearance of thrombi makes it difficult to use
echocardiography to identify patients at risk for
thromboembolic complications. If a thrombus
has resolved at one examination, a new throm-
bus may well appear later on. Early thrombus
formation (during the hospital period) has been
reported to be associated with a high mortal-
ity.2 14 We found that a left ventricular thrombus
diagnosed during the hospital stay is a marker
for high mortality after discharge. In one previ-
ous study, early in-hospital mortality was higher
in patients without a thrombus.5 However, sev-
eral patients did not survive long enough for a
ventricular thrombus to form.'5 In the same
study no difference in myocardial infarct size
was found in patients with and without a
thrombus, in contrast to our findings and to
several previous reports""-8 where patients with a
thrombus had more extensive myocardial dys-
function. Three cerebral ischaemic events were
recorded during the follow up period. The
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episode of amaurosis fugax was probably asso-
ciated with a right sided internal carotid stenosis,
whereas the other two events may have been
embolic. It is, however, very difficult to differ-
entiate between embolic and thrombotic events
in patients with advanced atherosclerotic dis-
ease.'9 The incidence of cerebral embolisation
was approximately 1% in large scale post-
infarction trials investigating thrombolytic ther-
apy.20 21 Two serious bleeding episodes
occurred, a reminder that warfarin may be asso-
ciated with fatal complications, reported to
occur in 1% to 4.8%.22 We conclude that after
treatment of anterior myocardial infarction with
thrombolytics and aspirin most left ventricular
thrombi resolves during the first month after
discharge, but formation and resolution of
thrombi continues during further follow up.
The dynamic process of left ventricular throm-
bus formation and resolution makes it difficult
to use echocardiography to identify patients at
risk for thromboembolic complications. The
formation of a thrombus during the hospital
stay is associated with high mortality after dis-
charge. Warfarin may prevent formation of new
thrombi after hospital discharge, but the low
incidence of cerebral embolisation after
myocardial infarction and the risk of serious
bleedings during warfarin treatment should be
considered before instituting treatment with
anticoagulants.
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